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Abstract 
The Great Artesian Basin (GAB) is a water source for more than 200,000 residents in central Australia. This study 
investigates the relationship of bromine and chlorine stable isotopes to groundwater chemistry in a confined aquifer 
in the southwestern GAB to better understand its flow regime and solute sources. δ81Br values range from +0.66‰ 
near the recharge area to +1.04‰, 150km down gradient, while δ37Cl ranges from 0‰ to -2.5‰. While δ37Cl 
decreases with distance from the recharge area, δ81Br increases slightly. Bromide in the recharge area is possibly 
enriched from selective atmospheric processes causing fractionation in marine aerosols during transport. When 
confined and isolated from the atmosphere, increases in bromide and to a lesser extent strontium concentrations may 
contribute through water-rock interaction to changes in isotopic signatures along the flow system. 87Sr/86Sr values 
range from ~0.717 near the recharge zone to a depleted 0.708 160km down gradient. 
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1. Introduction 
 The Great Artesian Basin is a region that stretches across the four Eastern Australian States of New 
South Wales, Queensland, Northern Territory and South Australia (Fig 1). The basin covers about 22 % 
of the continent, reaches depths of up to 3000 m and contains an estimated 8.7x1015 L of water [1]. The 
objective of this study is to assess the ratio of stable bromide isotopes along the southwest flow regime of 
the GAB to characterize the hydrogeologic system and solute sources within the aquifer. 
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Fig. 1. Map of the study area showing sample wells circled (modified from Zhang et al., 2007 [1]). 
 
 The study site was the southwest flow regime of the GAB spanning 250 km north-south and 150km 
east-west. The direction of flow inferred from the hydraulic gradient is from the aquifer outcrop in the 
northwest until the aquifer is unconfined an outcrop again in the southeast (Fig 1). The main aquifer is 
both confined and artesian, mostly sandstone, and lies beneath a low permeability shale layer [1]. The 
western portion of the GAB in general is characterized by Na-SO4-Cl type waters, with both sodium and 
bicarbonate increasing in concentration down gradient [2].  
2. Methods 
 The field samples were taken from both flowing and pumping bores over several field campaigns. 
Isotopic data and number of geochemical parameters are summarized in [1]. Work by [3] and [4] used 
36Cl/Cl, 81Kr/Kr and 4He dating techniques on wells along the Northern transect and found good 
agreement between calculated ages in the range of 100-600 ky [4]. These results correlate well with 
measured distance from the recharge area (Fig 2ab, 3ab). 
 The ratio of heavy to light bromine stable isotopes in the aquifer was quantified using continuous flow 
isotope ratio mass spectrometry [5]. The results are provided in delta (δ) notation and expressed in per mil 
(‰) relative to Standard Mean Ocean Bromide (SMOB) with ± 0.1 ‰ maximum associated error. 
 The ratio of heavy to light strontium stable isotopes was quantified using thermal ionization mass 
spectrometry (TIMS). All 87Sr/86Sr values have been corrected for fractionation to 87Sr/86Sr = 8.375209 
and analysed alongside the NBS international standard material NIST-987. 
3. Results and discussion 
 The δ81Br results for ten wells varied from + 0.66 ‰ at the 3 O’clock sample well (near the area of 
recharge) to ~+1.0‰ 200km down gradient near Duckhole 2 and Watson Ck 2 (Fig 1)(Fig 2a). 87Sr/86Sr 
analysis shows a clear evolution along the same path from 0.7175 at the recharge area to 0.7080, 160km 
down gradient (Fig 2b). The aquifer is both confined and under artesian conditions likely restricting 
potential sources for solutes to subsurface dissolution and/or atmospheric deposition at the recharge area. 
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Fig. 2. (a) Relationship between both δ81Br and δ37Cl in the confined aquifer and distance from the recharge area 
along the flow regime (δ37Cl from [1]). (b) Relationship between 87Sr/86Sr in the confined aquifer and distance from 
recharge. 
3.1. Variable deposition and recharge  
 The solutes present in marine aerosols are considered a major source of ions in semi arid regions for 
which reported values for δ37Cl vary (dependent on average particle size, air chemistry (i.e. SO2, NOx) 
etc.) but fall in a range of - 0.9 ‰ to + 2.5 ‰ [6]. The δ81Br recharge value (Three O’Clock, (Fig. 1)) of 
+0.66 ‰ SMOB is significantly more enriched in the heavy isotope relative to mean ocean water than 
chloride (Fig. 2a). This suggests an additional source of bromide in the recharge waters or a larger 
magnitude of fractionation for bromine relative to chlorine during transport. There is evidence of isotopic 
fractionation due to acidification of marine aerosols followed by volatilization of HCl [6]. While it is not 
conclusive that the same process (volatilization of bromine as HBr) will affect both bromine and chlorine 
in marine aerosols, there is evidence that marine aerosols rapidly lose bromine to the atmosphere [7].  
 The 87Sr/86Sr at the recharge site measured at 0.7175, showing enrichment in the heavy isotope 
relative to seawater (Fig. 1). This suggests a subsurface Sr source near the area of recharge or exchange 
during infiltration. 87Sr is typically influenced by strontium from water-rock interaction [8]. 
 Historical variability during deposition also potentially influences changes along the system. Recent 
work in the region focusing on Lake Eyre has attempted to constrain this variability. Climate history in 
the region has since been linked to dramatic water-level variation in South Australian paleolakes as well 
as historical variability in the monsoon record ([9]; [10]) within the calculated 600ky residence times of 
this system ([3]; [4]). Research by Love et al. (2012) [11] is working to further correlate historical climate 
with variable subsurface solute concentration profiles using 81Kr/Kr and 36Cl/Cl isotopic tracer methods. 
3.2. Solute contribution from the subsurface 
 It is difficult to assess or model the magnitude of bromide contribution from the overlying shale in the 
confined zone without isotopic and chemical data from rock pore waters. Zhang et al. [1] concluded that 
after groundwater had moved to the portion of the aquifer confined by the Bulldog Shale there was a 
significant contribution due to diffusion of chloride from within the shale’s pore water. The enrichment 
trend displayed in the delta values of bromine certainly plots inversely with respect to results for δ37Cl vs. 
distance (Fig 2a), but this is not conclusive evidence that diffusion from the confining shale layer is not 
the source of this trend. 
 To assess the relative subsurface contributions of bromide and chloride to the system as it moves 
down gradient, the molar ratio of these ions can be compared (Fig 3a). This shows a decrease in the molar 
ratio Br/Cl along the flow path, suggesting selective chloride addition, bromide removal or both. Figure 
3b however illustrates a general increasing bromide concentration trend along the flow path. It is 
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therefore implied that while the confining shale has been shown to be a significant source of solute in the 
flow system [1], it seems geochemically dominated by chlorine. While the shale layer likely contributes 
to the signature of δ81Br it may less significant for the evolution of bromide than for chloride.   
 
  
 
Fig. 3. (a) Relationship between molar ratio of chloride to bromide in the confined aquifer and distance from the 
recharge area along the flow regime ([Br] and [Cl] from [1]). (b) Relationship between [Br] and distance from the 
recharge area. 
 
 Depending on water chemistry and aquifer geology, strontium can leach from rocks very quickly [8]. 
The aquifer is mostly composed of Jurassic sandstone and Cretaceous gravels and sands [12]. 87Sr/86Sr 
along the direction of flow however decreases to 0.708, less radiogenic than strontium typically 
associated with silicates [13].  Calcite and sulphate minerals are other potential sources of strontium, 
through dissolution or equilibrium reactions. Sulphate, chloride and sodium concentrations increase along 
the flow path, suggesting a water-rock interaction scenario in which readily dissolved mineral phases like 
sulphates, carbonates and halides (possibly cement materials) could contribute to both Sr and Br isotopic 
trends. Strontium isotope analysis of the solid rock and cements is required to validate this hypothesis. 
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